Introduction {#sec1_1}
============

Xanthogranulomatous cholecystitis (XGC) is a rare condition of cholecystitis with intense inflammation \[[@B1]\]. It can cause asymmetrical thickening of the gallbladder (GB) wall and demonstrate a tendency to form nodules. The disease is benign but locally invasive and may involve adjacent organs such as the liver, duodenum, colon, and common bile duct. Involvement by the inflammatory process can macroscopically resemble carcinoma of the GB \[[@B2],[@B3],[@B4],[@B5]\]. It is characterized by distinct pathological findings like fat-laden macrophages and foamy histiocytes and is associated with severe fibrosis. Gallstones, biliary stasis, and chronic infection may be possible etiological factors \[[@B6],[@B7],[@B8]\]. The XGC was first reported and named by McCoy et al. \[[@B9]\]. With a low incidence of 0.7--13.2% of all inflammatory diseases of the GB, it occurs mostly in middle-aged and elderly persons \[[@B10],[@B11]\]. In some cases, XGC may be mistaken for malignancy, and it sometimes has coexistent GB cancer \[[@B12]\]. The frequency of the coexistence of these two lesions is approximately 10% in Japan and the USA \[[@B13],[@B14]\].

To contribute to the available experience, we report data of the diagnosis and treatment of 68 patients with XGC. The study involved the use of diagnostic techniques, their impact on surgical indication and the results of surgical treatment and follow-up.

Subjects and Methods {#sec1_2}
====================

The clinical records of 29,875 patients who had undergone biliary operations in Tianjin Nankai Hospital between January 2004 and January 2010 were reviewed and 68 patients were identified as having a histopathological diagnosis of XGC. The patient records during this period were searched electronically and, if the diagnosis after surgery was XGC, the detailed medical record was checked manually. Details regarding operative approach and pathology were abstracted from the operative and pathological reports.

All patients underwent ultrasonography and computed tomography (CT) preoperatively. The surgical procedures included open cholecystectomy, biliary tract exploration, partial hepatic wedge resection, regional lymphadenectomy and laparoscopic cholecystectomy.

Demographic details, symptoms and signs, investigations, operative details, complications and follow-ups were evaluated. All patients were seen in the outpatient department within 3 months of initial surgery and every 6 months thereafter. Patients were clinically examined, and liver function tests and ultrasound study were evaluated for each follow-up visit. The study was performed after approval was granted by the Ethics Committee of Tianjin Nankai Hospital.

Statistical Analysis {#sec2_1}
--------------------

Data were analyzed by using SPSS 16 (version 20.0.0). The χ^2^ test, Fisher\'s exact test and Student\'s t test were used to compare differences between the data. Multivariable logistic regression analysis by binary logistic regression was used to evaluate factors that favored the diagnosis of XGC with GB cancer and features for open surgery. The validation was performed by the Hosmer-Lemeshow test. A p value \<0.05 indicated statistical significance.

Results {#sec1_3}
=======

The demographics and general clinical features of the patients are shown in table [1](#T1){ref-type="table"}. The incidence of XGC was approximately 0.2% of inflammatory biliary diseases of this period. Of the 68 cases, 6 (8.8%) were proven to be GB cancer by histological section after surgery. The CA19-9 levels of XGC and coexistent GB cancer were significantly different (p = 0.0034). There were no significant differences between XGC and GB cancer patients for abdominal pain, fever, jaundice, weight loss, WBC, ALT, total bilirubin and CEA (p \> 0.05), as shown in table [2](#T2){ref-type="table"}.

The radiological findings of the XGC and the coexisting GB cancer group showed focal thickening of the GB wall was more frequent in XGC patients with GB cancer than those without (p = 0.0117). For the CT enhancement time, early enhancement of the GB was observed more often in patients with GB cancer than those without (p = 0.0255). Lymph node enlargement (minimum diameter \>1 cm) was seen more often in patients with GB cancer than those without (p = 0.0471). There were no significant differences between XGC and GB cancer for maximum thickness of the GB wall, heterogeneous GB enhancement, disrupted mucosal line, intramural hypoattenuated nodule, or accompanied gallstone and pericholecystic invasion, as shown in table [2](#T2){ref-type="table"}. Multivariable logistic analysis for GB cancer revealed that CA19-9 (\>37 kU/l), focal thickening of the GB wall, early enhancement of the GB wall and lymph node enlargement (\>10 mm) were the independent variables for making the diagnosis of XGC with GB cancer (table [3](#T3){ref-type="table"}).

The surgical procedures for the 68 patients are shown in table [1](#T1){ref-type="table"}. Two patients with Mirizzi syndrome that had internal fistula with common bile duct and duodenum were repaired intraoperatively. Of the 8 patients with suspected carcinoma of the GB preoperatively, 2 were definitively diagnosed with XGC from excised tissue during surgery by frozen section histopathologically. Specimens from all 68 patients were examined pathologically, which indicated that 6 patients had coexisting GB cancer. Complications were observed in 3 patients, including 2 with infection of the incision and 1 patient with bile leakage who recovered 4 weeks after the operation. Follow-up lasted 1--6 years. One patient died of a cardiovascular accident, 1 died of primary kidney carcinoma 1 year after the operation, and 6 patients died of GB cancer. The rest of the patients survived.

The clinical data of laparoscopic cholecystectomy and open surgery are listed in table [4](#T4){ref-type="table"}. There were significant differences between laparoscopic cholecystectomy and laparatomy for CA19-9 (p = 0.003), maximum thickness of the GB wall (p = 0.03), focal thickening of the GB wall (p = 0.005), heterogeneous enhancement of the GB wall (p = 0.03), early enhancement of the GB wall (p = 0.0001), intramural hypoattenuated nodule (p = 0.0001), pericholecystic invasion (p = 0.0001) and lymph node enlargement (p = 0.0001). The operation time and postoperative hospital stay of the laparoscopic cholecystectomy group were shorter than those of the laparotomy group (p \< 0.01), as shown in table [4](#T4){ref-type="table"}. Multivariable logistic analysis for open surgery revealed that CA19-9 (\>37 kU/l), focal thickening of the GB wall, early enhancement of the GB wall, pericholecystic invasion and lymph node enlargement (\>10 mm) were the independent variables for making the choice of open surgery (table [5](#T5){ref-type="table"}).

Discussion {#sec1_4}
==========

In our data, 8.8% of cases were proven to coexist with GB cancer, 57.4% coexisted with stones in the GB and 26.5% had stones stuck in the cyst neck and led to the enlargement of the GB. These findings indicate that XGC formation may be associated with gallstones, which is consistent with the report of Kwon et al. \[[@B15]\]. Most of the patients in this study presented with chronic symptoms and signs, as previously reported \[[@B16]\]. Chronic inflammation in XGC always causes persistent thickening of the GB wall and adhesions to adjacent tissues and organs, and in some cases Mirizzi syndrome is found \[[@B17]\], similar to our findings. Another important finding in our study was that elevated CA19-9 correlated with an increased risk of coexistent GB cancer in XGC patients, so CA19-9 may be considered as a marker for coexisting GB cancer.

Some features highly suggestive of XGC on ultrasound and CT have been reported, including thickening of the GB wall, GB stone shadow, and adhesion to neighboring tissues and organs \[[@B18],[@B19]\]. Owing to the sensitivity of stones and the thickness of the GB wall, ultrasonographic examination shows some clinical values in diagnosing XGC. These reports are consistent with our findings. Where the lesion was concomitant with a stuck stone, enlargement of the GB and fistula formation, XGC was highly suspected. However, other diseases such as GB cancer or adenomyomatosis also present with wall thickening. Radiological findings of ultrasound and CT were used to differentiate XGC from XGC patients with GB cancer. Focal thickening of the GB wall, early enhancement of the GB wall and lymph node enlargement (\>10 mm) were the independent factors for making a diagnosis of GB cancer. These characteristics could be helpful in making a correct preoperative diagnosis for XGC.

Frozen sections are necessary in patients in whom the differentiation of XGC from malignant lesions is difficult during surgery \[[@B20]\]. From our experience, when lesions had such features as GB wall focal thickening, suspicious invasion and lymph node enlargement, frozen section was preferred. Microscopically, typical granuloma (consisting of flaky foam cells, rhagiocrine cells, fibroblasts, and inflammatory cells) is the gold standard for the pathological diagnosis of XGC \[[@B21],[@B22]\]. The appropriate selection of surgery strategy should be based on intraoperative frozen section investigation, which may prevent an unnecessary enlargement of the operation.

Owing to the invasiveness and destruction of XGC, surgery should be performed as soon as the diagnosis of XGC is made to prevent the occurrence of complications such as fistula \[[@B23]\], which is consistent with our findings. It is also reported that if there is no suspicion of cancer, percutaneous GB drainage may be an efficient method for the initial treatment of severe cases, which gives the opportunity for an elective cholecystectomy with an excellent outcome \[[@B24]\]; there was no such case, however, in our series. In this study, open surgery was still the main surgical procedure for the treatment of XGC. Fistula repairs were performed on 2 patients with Mirizzi syndrome. Special attention should be paid to the dissection of fistula in these cases. In this study, there were 6 patients who had coexisting adenocarcinoma. Of these, 5 underwent radical corrections of GB carcinoma and 1 patient had cholecystectomy and partial hepatic wedge resection because of its early staging, hence the principle for coexisting cancer was still radical surgery.

A comparison between the clinical data of laparoscopic cholecystectomy and open surgery revealed that elevated CA19-9, focal thickening of the GB wall, early enhancement of the GB wall, pericholecystic invasion, lymph node enlargement and fistula formation were characteristic features of open surgery. These features might be helpful for the surgeon in making a correct decision between laparoscopic and open cholecystectomy surgery, as shown in table5. However, laparoscopic cholecystectomy has a shorter operating time and postoperative hospital stay than open surgery, thereby indicating that in some strictly selected cases, laparoscopic surgery has its advantage over open surgery in treating XGC.

Although XGC is a benign disease with a low mortality rate, patients usually have more postoperative complications including leakage of bile, bile peritonitis, bleeding, hepatic abscess, and infection of incision as was observed in only 3 patients in this study. The factors essential for lowering the complication rate may include adequate preoperative evaluation, accurate intraoperative diagnosis, correct choice of surgery and careful surgical manipulation.

Conclusions {#sec1_5}
===========

Ultrasound and CT scan were the helpful modalities for preoperative diagnosis. If the malignant situation could not be eliminated, intraoperative frozen section was carried out to differentiate XGC from GB cancer. CA19-9, focal thickening of the GB wall, early enhancement of the GB wall, pericholecystic invasion and lymph node enlargement (\>10 mm) were indications for making a decision for open surgery. Open surgery was the main surgical procedure for the treatment of XGC, but for some selected cases laparoscopic cholecystectomy was preferable to open surgery.

###### 

Demographics and clinical features of all patients who underwent treatment

  Item                                                   Patients, n
  ------------------------------------------------------ -----------------
  Demographic characteristics                            
   Mean age, years                                       62.6 \[20--83\]
   Sex, F/M                                              26/32
  Symptoms and signs                                     
   Pain                                                  48 (70.6)
   Fever                                                 19 (27.9)
   Jaundice                                              13 (19.1)
  Associated diseases                                    
   Hyperlipidemia                                        20 (29.4)
   Hypertension                                          12 (17.6)
   Diabetes mellitus type 2                              5 (7.4)
  Tumor markers                                          
   CEA (positive)                                        12 (5.9)
   CA19-9 (\>37 kU/l)                                    28 (41.2)
  Radiologic findings (ultrasound and CT)                
   Gallstone                                             39 (57.4)
   Acute cholecystitis                                   20 (29.4)
   Chronic cholecystitis                                 48 (70.6)
   GB carcinoma                                          8 (11.8)
  Surgical procedures                                    
   Open cholecystectomy                                  26 (38.2)
   Laparoscopic cholecystectomy                          22 (32.4)
   Cholecystectomy and biliary tract exploration         9 (13.3)
   Cholecystectomy and partial hepatic wedge resection   6 (8.8)
   Radical correction of GB carcinoma                    5 (7.4)
  Rate of conversion from laparoscopic to open           
   surgery                                               4.2
  Morbidity                                              3 (4.4)
   Wound infection                                       2
   Bile leakage                                          1
  Mortality                                              0
  Median follow-up, years                                2.8 \[1--6\]

Values in square brackets indicate ranges and values in parentheses indicate percentages.

###### 

Comparison of clinical features between XGC patients with and without GB cancer

  Item                                                   XGC             XGC with GB cancer   p value
  ------------------------------------------------------ --------------- -------------------- ---------
  Patients                                               62              6                    
  Symptoms and signs                                                                          
   Abdominal pain                                        46 (78.0%)      2 (33.3%)            0.1756
   Fever                                                 18 (30.5%)      1 (16.7%)            1.0000
   Jaundice                                              10 (16.9%)      3 (50%)              0.0789
   Weight loss                                           15 (25.4%)      2 (33.3%)            0.6352
  Laboratory findings                                                                         
   WBC/mm^3^                                             9,326 ± 2,564   8,321 ± 2,896        0.5440
   ALT, U/l                                              75.2 ± 56.3     64.3 ± 25.9          0.1260
   Total bilirubin, mg/dl                                1.9 ± 2.3       2.8 ± 2.6            0.1630
   CA19-9 (\>37 kU/l)                                    22 (35.5%)      6 (100%)             0.0034
   CEA (positive)                                        10 (16.1%)      2 (33.3%)            0.2846
  CT scan findings                                                                            
   Maximum thickness of GB wall, mm                      10.5 ± 4.6      11.2 ± 3.2           0.1530
   Focal thickening of GB wall                           17 (27.4%)      5 (83.3%)            0.0117
   Heterogeneous enhancement of the GB wall              39 (62.9%)      3 (50%)              0.6827
   Early enhancement of GB wall                          21 (33.9%)      5 (83.3%)            0.0255
   Disrupted mucosal line                                26 (41.9%)      4 (66.7%)            0.3937
   Intramural hypoattenuated nodule                      32 (51.6%)      3 (50%)              1.0000
   Gallstone                                             35 (56.4%)      4 (66.7%)            1.0000
   Pericholecystic invasion                              30 (48.4%)      5 (83.3%)            0.1978
   Lymph node enlargement (\>10 mm)                      15 (24.2%)      4 (66.7%)            0.0471
  Surgical procedures                                                                         
   Open cholecystectomy                                  26 (41.9%)      0                    0.0753
   Laparoscopic cholecystectomy                          23 (37.1%)      0                    0.0892
   Cholecystectomy and biliary tract exploration         9 (14.5%)       0                    1.0000
   Cholecystectomy and partial hepatic wedge resection   5 (8.1%)        1 (16.7%)            0.4383
   Radical correction of GB carcinoma                    0               5 (83.3%)            0.0001
  Morbidity                                              1 (1.6%)        2 (33.3%)            0.1690
   Wound infection                                       1               1                    NA
   Bile leakage                                          0               1                    NA

NA = Not applicable.

###### 

Multivariate logistic regression analysis for clinical features in XGC patients with GB cancer

  Item                                 Odds ratio   95% CI
  ------------------------------------ ------------ ---------------
  CA19-9 (\>37 kU/l)                   10.256       1.665--21.369
  Focal thickening of GB wall          6.354        0.986--10.554
  Early enhancement of GB wall         9.446        1.336--20.559
  Lymph node enlargement (\>10 mm)     15.677       3.999--36.222
  Radical correction of GB carcinoma   16.846       5.221--25.336

###### 

Comparison of patients' clinical data between laparoscopic cholecystectomy and open operation groups

  Item                                        Laparoscopic cholecystectomy group   Open operation group   p value   Total number
  ------------------------------------------- ------------------------------------ ---------------------- --------- --------------
  Patients                                    22                                   46                     NA        68
  Tumor markers                                                                                                     
   CEA (positive)                             0                                    4 (8.7%)               0.300     4
   CA19-9 (\>37 kU/l)                         22 (9.1%)                            28 (60.9%)             0.0001    30
  CT scan findings                                                                                                  
   Maximum thickness of GB wall, mm           7.3 ± 5.4                            11.2 ± 4.3             0.031     NA
   Focal thickening of GB wall                2 (9.1%)                             20 (43.5%)             0.005     22
   Heterogeneous enhancement of the GB wall   18 (81.8%)                           24 (52.2%)             0.032     42
   Early enhancement of GB wall               1 (4.5%)                             25 (54.3%)             0.0001    26
   Disrupted mucosal line                     6 (27.3%)                            14 (30.4%)             1.0000    20
   Intramural hypoattenuated nodule           19 (86.4%)                           16 (34.8%)             0.0001    35
   Gallstone                                  16 (72.7%)                           23 (50%)               0.12      39
   Pericholecystic invasion                   2 (9.1%)                             32 (69.6%)             0.0001    34
   Lymph node enlargement (\>10 mm)           0                                    19 (41.3%)             0.0001    19
  Mean duration of surgery, min               89                                   135                    0.001     NA
  Mean postoperative hospital stay, days      7.6                                  17.5                   0.001     NA
  Morbidity                                   0                                    3                      0.54      3

NA = Not applicable.

###### 

Multivariate logistic regression analysis of clinical features for open surgery

  Item                                     Odds ratio   95% CI
  ---------------------------------------- ------------ ---------------
  CA19-9 (\>37 kU/l)                       13.264       3.332--27.889
  Maximum thickness of GB wall (\>10 mm)   4.776        1.227--9.354
  Focal thickening of GB wall              8.897        2.332--15.012
  Early enhancement of GB wall             18.553       9.633--30.959
  Pericholecystic invasion                 8.766        3.334--33.863
  Lymph node enlargement (\>10 mm)         19.654       6.122--32.778

Adjusted for age and sex by binary logistic regression.
